Abstract: 1-(Benzothiazol-2-yl)-3-phenylthiourea 2 was prepared and treated with hydrazonoyl chlorides 3a-e to yield the corresponding 5-(benzothiazol-2-ylimino)-1,3,4-thiadiazole derivatives 6a-e, respectively. Reaction of the thiourea derivative 2 with ethyl 2-chloro-3-oxobutanoate 9 afforded the corresponding 2-(benzothiazol-2-ylimino)thiazole-5-carboxylate derivative 11. The newly synthesized heterocyclic derivatives were confirmed from their elemental and spectral analyses.
Introduction
1,3,4-Thiadiazoles are among the most common heterocyclic pharmacophores. They display a broad spectrum of biological activities including antimicrobial, 1 anticancer, 2,3 antioxidant, 4 antidepressant, 5 anticonvulsant, 6, 7 and antihypertensive activity, 8 as well as acetylcholinesterase inhibitors for the treatment of Alzheimer disease.
9,10
In addition, thiourea derivatives are key synthons for the synthesis of biologically active heterocycles with a broad spectrum of medicinal applications. 11 In particular, the most significant thiourea derivatives demonstrated antiviral, 12 anti-HIV, 13 antifungal, 14 and anticancer activities. 15 Benzothiazolyl thiourea derivatives have also attracted continuing interest due to their valuable biological activities such as antiinflammatory, 16 antibacterial, 17 and cytotoxic activities. 18, 19 As part of our research projects aimed at the synthesis of potent biologically active 1,3,4-thiadiazole-based heterocycles, 20−32 the aim of this work was the synthesis of some new benzothiazole-based 1,3,4-thiadiazole and 1,3-thiazole derivatives utilizing 1-(benzothiazol-2-yl)-3-phenylthiourea 2 as a key starting synthon.
Results and discussion
1-(Benzothiazol-2-yl)-3-phenylthiourea 2 was prepared from the reaction of 2-aminobenzothiazole 1 with phenyl isothiocyanate in dimethylformamide in the presence of potassium hydroxide at room temperature according to literature procedures. 33, 34 First, the reaction of 1-(benzothiazol-2-yl)-3-phenylthiourea 2 with the hydrazonoyl chloride esters 3a-c was performed. Next, reaction of the thiourea derivative 2 with the acetyl hydrazonoyl chloride 3d,e in refluxing ethanol in the presence of triethylamine resulted, similarly, in the formation of only one isolable product as examined by TLC. Structures of the obtained products were established as 5-acetyl-2-(benzothiazol-2-ylimino)-4-aryl-4,5-dihydro-1,3,4-thiadiazoles 6d,e on the basis of their elemental analyses and spectral data. As outlined in Scheme 1, the loss of aniline molecule from the intermediates 5d,e led to the formation of compounds 6d,e. Their IR spectra showed, in each case, an absorption band around 1680 cm −1 due to C=O function. The 1 H NMR spectrum of 6e exhibited two singlet signals at δ 2.22 and 2.52 due to methyl and acetyl protons in addition to the aromatic signals. The mass spectra of 6d,e showed, in each case, a peak due to their molecular ions.
Finally, treatment of compound 2 with ethyl 2-chloro-3-oxobutanoate (9) in refluxing ethanol in the presence of triethylamine yielded a single product for which the structure 5-acetyl-2-(5-acetyl-4-methylthiazol-2-ylimino)-4-methyl-3-phenyl-1,3-thiazole (11) was assigned based on its elemental and spectral data. Formation of 11 proceeded via loss of HCl followed by water during an intramolecular cyclization of the intermediate 10.
The presence of only one carbonyl absorption band at 1686 cm −1 in the IR spectrum and the presence of three signals at δ 1.33, 2.24, and 4.33 assignable to the CH 3 and CO 2 CH 2 CH 3 protons in the 1 H NMR spectrum of the reaction product supported structure 11 and ruled out the other possible product 13 (Scheme 2). In addition, the mass spectrum of 11 showed a peak at m/z 395 due to its molecular ion.
Experimental
Melting points were determined on a Gallenkamp apparatus and are uncorrected. The IR spectra were recorded on Shimadzu FT-IR 8101 PC infrared spectrophotometer. The 1 H NMR spectra were determined in DMSO-d 6 at 300 MHz ( 1 H NMR) and at 75.46 MHz ( 13 C NMR) on a Varian Mercury VX 300 NMR spectrometer using TMS as an internal standard. Mass spectra were measured on a GCMS-QP1000 EX spectrometer at 70 ev. Elemental analyses were carried out at the Microanalytical Center of Cairo University. Benzothiazolylthiourea 2 33 and hydrazonoyl chlorides 3a-c, 35 and 3d,e 36, 37 were prepared according to procedures reported in the literature.
Synthesis of 5-(benzothiazol-2-ylimino)-4-aryl-1,3,4-thiadiazole derivatives 6a-e
General Procedure. To a stirred solution of 1-(benzolthiazol-2-yl)-3-phenylthiourea 2 (0.57 g, 2 mmol) in ethanol (30 ml) was added the appropriate hydrazonoyl chloride 3a-c or 3d,e (2 mmol) followed by addition of Et 3 N (0.2 mL). The reaction mixture was heated at reflux for 4 ∼7 h, during which the starting substrates were dissolved and completely consumed and a colored product was precipitated. The solid product that formed was filtered off, washed with water and ethanol, dried, and finally recrystallized from the appropriate solvent to afford the corresponding 1,3,4-thiadiazole derivatives 6a-e, respectively. -2-ylimino)-4,5-dihydro-4-(4-chlorophenyl)-1,3 
Ethyl 5-(benzothiazol-2-ylimino)-4,5-dihydro-4-phenyl-1,3,4-thiadiazole-2-carboxylate (6a)

Ethyl 5-(benzothiazol
Ethyl 5-(benzothiazol-2-ylimino)-4,5-dihydro-4-(4-tolyl)-1,3,4-thiadiazole-2-carboxylate (6c)
Ethyl 2-(benzothiazol-2-ylimino)-4-methyl-3-phenyl-2,3-dihydrothiazole-5-carboxylate (11)
To a stirred solution of 1-(benzolthiazol-2-yl)-3-phenylthiourea 2 (0.57 g, 2 mmol) in ethanol (30 mL), ethyl 2-chloro-3-oxobutanoate (9) (2 mmol) was added followed by adding Et 3 N (0.2 mL) and the mixture was then heated at reflux for 4 h. The solvent was removed under reduced pressure and the residue was treated with crushed ice; then the precipitate was filtered off, washed with water and ethanol, dried, and finally recrystallized from DMF to give the corresponding 1,3-thiazole-5-carboxylate derivative 11. Yield (0.55 g, 69%), yellowish- 
